A combination of thermophoresis and uid ow can be used to trap molecules and particles. We show that heating by scanning motion of an elongated laser spot creates a strong thermal trap. Additionally, it induces a global uid ow that feeds the trap. Such "thermal sieve" can accumulate molecules from a large surrounding region within seconds into a 10 µm spot. Numerical modeling gives a quantitative prediction of the eect.
A combination of thermophoresis and uid ow can be used to trap molecules and particles. We show that heating by scanning motion of an elongated laser spot creates a strong thermal trap. Additionally, it induces a global uid ow that feeds the trap. Such "thermal sieve" can accumulate molecules from a large surrounding region within seconds into a 10 µm spot. Numerical modeling gives a quantitative prediction of the eect.
Traps can be dynamically created, relocated and tuned, which can be used for particle sorting.
One of the long-standing goals of science and technology is a contact-free manipulation of small particles.
While it is possible to trap atoms in vacuum using magnetic traps, thermal noise is much stronger when particles are under biological conditions, i.e. in water at room temperature. Optical tweezers can manipulate particles larger than about 500 nm whereas for smaller particles and molecules, typically strong electrical elds are used.
Electrophoresis is well developed technique but lacks exibility since it needs sophisticated electrode-barrier geometries. Also, in water it does not discriminate between molecule sizes and gel electrophoresis has to be applied. A less used principle for micro-manipulation is thermophoresis 16 where molecules are moved by a thermal gradient. Strong thermal gradients can be generated by laser heating, bringing the exibility and microscale denition of a contact-less all-optical approach.
Thermophoresis typically depletes molecules away from hot areas 7, 8 . In order to conne the molecules in a small region the eect has to be combined with a uid (Fig. 1b) . The sapphire window has a high thermal conductivity and cools the uid sheet, resulting in a temperature gradient in the z-direction. The evidence for the steep gradient is rapid movement of 1 µm beads from the hot bottom to the top cold chamber surface when the laser is turned on.
The unidirectional scanning of the hot spot across the chamber pumps the uid. It is the result of a broken symmetry between thermal expansion and contraction in the front and the wake of the hot spot due to temperature dependent viscosity 14 . Flow was tracked with 1 µm uorescent polystyrene beads (F8888, Invitrogen) immediately after the laser was switched on (Fig. 1c) . To analyze it in more detail we separately lled the same chamber with 500 nm beads in a 50% glycerol -50% 1 mM TRIS buer mixture. Bead diusion was strongly suppressed which enabled us to image non-disturbed ow trajectories. To model the trapping, the temperature was included in the simulation. It is calculated from boundary conditions which are set to match the experimentally observed temperature gradient. The highest temperature is reached in the laser absorbing layer at the bottom chamber surface. The dissipated heat is transported away through the silicon bottom and upper sapphire window, resulting in a thermal gradient in z-direction (Fig. 2c) .
Knowing the ow eld v and the temperature T , the concentration distribution c can be simulated. The equation for the particle mass ow j in the case of low concentra- adjusted. We will show later how this principle can be exploited to separate particles. For a given S T there exists an optimal pumping velocity which enables the best accumulation ( Fig. 2f ) . At lower than optimal pumping velocities the diusion smears out the connement of molecules while at higher velocities the molecules do not have enough time to thermophoretically migrate from the hot to the cold side of the circular convection-like ow.
The optimal velocity for a few micrometer thin chamber is on the order of 100 µm/s, easily achievable using thermo-viscous pumping.
Another important parameter for the trapping eciency is the aspect ratio of the central pumping area.
The maximum achievable concentration exponentially depends on the ratio between the sieve size and the chamber thickness 17 .
Accumulation. We have accumulated various kinds of colloidal particles and molecules to experimentally demonstrate the exibility and trapping eciency of the thermal sieve. In Fig. 3 we present the accumulation of DNA molecules. To begin the separation, the strong sieve was turned o and two other sieves were created, one weaker, 70 µm, and one stronger, 140 µm away. Large beads (with high S T ) immediately got trapped in the weak sieve while a large portion of the small beads (with small S T ) passed through it and was caught in the strong sieve. To quantify the sorting process, the uorescence was averaged over 20 µm . A strong thermal sieve (its location is denoted with arrow 1) is rst used to accumulate beads. As shown in the inset, large beads crystallize whereas the accumulated small beads appear as a bright spot at the right side. To separate them, sieve 1 is switched o and one weaker (arrow 2) and one stronger (arrow 3) sieve are created. Large beads accumulate in the weak sieve while small beads pass through and accumulate in the strong sieve. The chart shows uorescence at the positions of sieves 1, 2, 3 versus time after the rst sieve was turned on. Scale bar is 100 µm. We acknowledge nancial support from the NanoSystems Initiative Munich, the ERC Starting Grant, and grants no. J1-6724 and P1-0192 from the Slovenian Research Agency.
